Abstract. We have obtained CCD UBV RI photometry of 3620 stars in the globular cluster NGC 6723, one of the few globular clusters with a horizontal branch wellpopulated on both sides of the instability strip. This is the first deep five-color study of NGC 6723. We have determined several important parameters for this cluster. Its color excess is E(B −V ) = 0.11±0.01. The most plausible value of metallicity is [Fe/H] = −1.22 ± 0.15; even lower values are possible. The apparent distance modulus of the cluster is (m − M ) V,6723 = 14.76. From isochrone analysis, we prefer the NGC 6723 age in the range between 15 and 16 Gyr, in the scale of Bergbusch & VandenBerg (1992) . We find a close similarity of the shape and slope of the red giant branch in NGC 6723 and M 3 and of the magnitude difference between the main-sequence turnoff and the horizontal branch in NGC 6723, M 3, and M 5.
Introduction
Color-magnitude diagrams (CMDs) of globular clusters (GCs) can be subdivided into three main groups according to the appearance of their horizontal branches (HBs). The morphology of a HB can be numerically expressed using either the parameter B/(B+R) (Rosino 1965; Mironov 1972) or the parameter R HB = (B − R)/(B + RR + R)
Send offprint requests to: G. Alcaíno Based on observations collected at the Las Campanas Observatory, Carnegie Institution of Washington. Fig. 1 . The distribution of the globular clusters of our Galaxy over the morphological parameter of the horizontal branch, RHB (Lee et al. 1988) , where B and R are respectively numbers of HB stars to the blue and to the red of the instability strip and RR is the number of RR Lyrae variables. Figure 1 shows the distribution of the GCs of our Galaxy over R HB ; the parameter values are from the catalog by Harris (1996) .
The first group consists of clusters with "blue" HBs, with all HB stars to the blue of the RR Lyrae instability strip. The values of B/(B + R) and R HB for these clusters are close to 1. These are, as a rule, very metal-poor GCs of the galactic halo, with typically [Fe/H] = −1.5 to −2.1.
The second group consists of clusters with "red" HBs, with all HB stars to the red of the RR Lyrae instability strip. For such clusters, B/(B + R) = 0, and R HB = −1. Usually these are clusters of the Galaxy's disk or central region, with typically [Fe/H] = −0.5 to −1.0.
Finally, the third group contains GCs with HBs populated on both sides of the instability strip. This group is very heterogeneous both by HB morphology as well as by metallicity. Studying these clusters may give us a key to the "second parameter" problem.
The cluster studied in this paper, NGC 6723 (18 h 59. m 6, −36
• 38 , 2000.0), is one of the clusters of the third group. It is a southern globular cluster located towards the galactic center, at about 2.4 kpc distance from the galactic plane, in a field with low interstellar reddening: the catalog of Harris (1996) gives E B−V = 0.05.
The first photographic photometry of stars in NGC 6723 was published by Gascoine & Ogston (1963) . More thorough studies were later undertaken by Menzies (1974) and Martins & Fraquelli (1987) . The first estimates of the cluster's integrated spectral type (Kinman 1959; Kron & Mayall 1960) were G2-G4. Smith (1981) , from the spectroscopic metal-abundance parameter ∆S derived for five RR Lyrae stars, found ∆S = 2.8 for NGC 6723, corresponding to [Fe/H] = −0.68 in the metallicity scale of Butler (1975) . However, later studies showed a more significant metal deficiency. Smith & Hesser (1986) , from DDO photometry, determined [Fe/H] = −1.1. A similar value, [Fe/H] = −1.1, was found by Zinn & West (1984) and Lee (1992) . Recently Fullton and Carney (Fullton & Carney 1993; Fullton & Carney 1996; Fullton 1996) obtained 2-color (B, V ) CCD photometry of almost 18000 NGC 6723 stars, down to the 24th magnitude; the results of this study have not yet been published in the complete form. Fullton and Carney also obtained spectra (λλ5000 − 7800Å) of three red giants in NGC 6723, calibrated them with model atmospheres of Kurucz (1993) , CD-ROM and, as a result, obtained still lower metal abundance, [Fe/H] = −1.26. Harris (1996) The present study is the first deep five-color study of NGC 6723. It enabled us to determine a number of important parameters for this cluster.
Observations and reductions
The observations reported on here were acquired on two nights, June 13/14 and 15/16, 1994, using the 100 telescope of the Las Campanas Observatory. The detector was a TEKTRONIC 2 CCD (1024 × 1024 pixels) with a readout noise of 8e − rms; the pixel size was 21 µm. The center of the measured field is approximately in 2 to the east and 1 to the north of the cluster center; a 4 × 4 arcmin field is covered by the frames. We used a total of 10 frames in U (exposure time from 50 s to 900 s ), 12 frames in B (12 s to 500 s ), 11 frames in V (10 s to 360 s ), 12 frames in R (20 s to The reductions of the photometry were performed at the Institute of Astronomy (Moscow) using the software described by us earlier (Samus et al. 1995a ) and based upon the DAOPHOT II ALLSTAR application (Stetson 1991) . PSF stars, 15 to 20 per frame, bright but far from saturation, were selected interactively among those having no neighbors or defects within the PSF radius.
Our experience shows that, among standard PSFs provided by DAOPHOT, the PENNY2 function enables us to handle aberrations specific to individual frames most effectively. The photometric errors showed no significant dependence on the position within the frame, so we did not introduce any variations of the PSF.
In the reductions, we used photoelectric standards from Alvarado et al. (1994) . As usual for CCD studies of the Isaac Newton Institute, we did not observe any comparison fields, but applied a photoelectric sequence established in the program field itself. The CCD magnitudes and colors of the eight used standards, which cover a rather wide range of color indices, are listed in Table 1 , along with the deviations (in the sense CCD minus photoelectric) from the photoelectric values.
The formulae used in this study to derive magnitudes and color indices in the standard system from DAOPHOT ALLSTAR instrumental magnitudes for NGC 6723 are: In each photometric band, we retained only stars with at least two measurements. Consequently, we obtained magnitudes for 3620 stars in V and R, 3565 stars in B, 2307 
Comparison with photographic photometry from Menzies 1974
Figures 2a,b show the results of the comparison (based upon 108 stars in common) between our photometry and that published by Menzies (1974) . It is clearly seen that, in some cases, the deviations of V magnitudes are much larger than the errors of CCD and photographic photometry, reaching almost 0.5 mag, with magnitudes from Menzies always brighter. The deviations exceed 0.2 mag in almost 20 percent of the cases. Such deviations cannot be due to random errors. Actually, our analysis of individual deviant cases shows that they always occur when Menzies measured a blend of two or more close stellar images, whereas our PSF photometry enables us to measure the magnitudes of the blended stars separately. If we reject all cases when Menzies reported combined magnitudes of blended photographic stellar images, we find that the standard deviation between the two sets of measurements is 0.
m 05, a typical random error of the photographic method. In most cases, we are able to reproduce combined magnitudes of blends measured by Menzies using our CCD magnitudes of their components, with deviations not exceeding 0. m 08. Unfortunately, magnitudes of the cluster's individual stars obtained in Martins & Fraquelli (1987) and in Fullton & Carney (1993) , Fullton & Carney (1996) , Fullton (1996) have not been published. The CMDs shown in the figures in these papers are very similar to our results.
Two-color diagrams. Metallicity and color excesses
Multicolor photometry provides many possibilities for determinations of metallicity and reddening, two of the most important cluster parameters. UBV RI photometry provides 10 different color indices, 4 of them independent, and hence 45 different two-color diagrams. Below some of them are discussed in detail.
The (B − V, V − R) diagram for NGC 6723 is shown in Fig. 3 . It is clearly seen that numerous faint stars, with comparatively large photometric errors, deviate from the well-defined central line of the distribution. The group of stars lying parallel to the main strip, but below it and to the left, is especially conspicuous. Such data points, with rather "blue" (V − R) values, cannot correspond to any physical parameters of normal stars and supposedly are the result of photometric errors. All stars with this kind of error are located in the cluster's central part and, some of them, for reasons unclear to us, received, in our reductions, V magnitudes that were too bright. Because of this, their (B − V ) values were found too "red" and (V − R) values, too "blue". Similarly, data points significantly deviating upward and to the right of the main cloud correspond to the stars for which the derived V magnitudes are too faint. Some of the data points to the right of the main cloud may belong to field stars; these stars do not show any noticeable concentration towards the cluster center. In the subsequent analysis, we did not take into account stars situated, in the (B − V, V − R) plane, to the left or to the right of the area delimited in the figure by two parallel lines. Such stars have been plotted in Fig. 3 with smaller symbols. Most are among the cluster's brightest stars with best photometric accuracy. The straight line in the figure follows from computations of Buser & Kurucz (1992) and corresponds to the giant sequence with [Fe/H] = −1. The vertical separation between the RGB and the theoretical sequence, at (V − R) = +0.6, is δ(B − V ) = 0.15. According to calculations in Grebel & Roberts (1995) , based upon Kurucz's theoretical data, for moderately metal-deficient giants ([Fe/H] = −1.0) with 3500 < T eff < 6000 K (i.e. in the range of color indices 1.59 Ferraro et al. (1996) . Solid line, the same ridge line shifted as described in the text 0.62 ± 0.01, E V −I /E B−V = 1.31 ± 0.04. Using the above value for E V −R /E B−V , and taking into account the theoretical slope of the giant branch R BV,V R = d(V − R)/d(B − V ) = 0.516, we find for NGC 6723 E B−V = 0.11 ± 0.01 and E V −R = 0.08 ± 0.005.
According to Grebel & Roberts (1995) Ferraro et al. (1996) for one of the best-studied clusters, M 3 = NGC 5272. The mean ridge lines from the cited paper make it possible to compare the giant branches of the two clusters in the (B − V, V − I) plane. The dotted line in our diagram corresponds to M 3, and filled circles are our data. The E B−V color excess for M 3 is very low; according to different sources, it does not exceed 0. m 03: Harris (1996) catalogs E B−V = 0. m 01, and Ferraro et al. (1996) well as with the ratio of differential interstellar extinction E V −I /E B−V = 1.31 calculated by Grebel & Roberts (1995) .
Color-magnitude diagrams

Sequences in the
The (V, B − V ) diagram for NGC 6723 is presented in Fig. 6 . All its sequences are well populated. Plus signs (+) in Fig. 6 and in other diagrams designate five RR Lyrae variables identified in our frames. Magnitudes of the variable stars in different bands were measured nonsimultaneously, so the plus signs in the diagram have arbitrary positions. The signs of two other types, the cross (×) and the asterisk, will be discussed below, when presenting Fig. 8 . Table 2 summarizes UBV RI ridge points of the principal sequences.
The cluster's horizontal branch in the V, B − V diagram, in the color-index range 0.20 < (B − V ) < 0.75, actually runs almost exactly horizontally. The stars closest to the instability region and to the blue of it have, on average, V = 15.46, slightly brighter than the stars immediately to the red of the instability region which have, on average, V = 15.50. So we can accept V HB = 15.48 as the magnitude of the horizontal branch at the level of the instability strip. This value coincides exactly with that given by Menzies (1974) and does not differ significantly from the value 15.4 published by Martins & Fraquelli (1987) . Figure 7 illustrates the distribution of stars along the horizontal branch. This histogram shows that, at the HB level, the blue edge of the instability strip is at (B −V ) b = 0.26 ± 0.01 and the red edge is at (B − V ) r = 0.50 ± 0.01. Menzies (1974) gives systematically bluer positions for the boundaries of the instability strip, namely (B−V ) b = 0.17 To derive magnitudes of the stars in NGC 6723 used in Martins & Fraquelli (1987) , "the photographic plates were first digitized using microdensitometer with a scanning aperture 40 µm square" and then a PSF was derived and applied using the necessary software. However, Martins & Fraquelli do not directly present their (B − V ) b and (B − V ) r values. From the distribution of stars along the horizontal branch of NGC 6723 published in their paper (Fig. 7) , it follows that (B − V ) b ≈ 0.30 and (B −V ) r ≈ 0.50. However, these absolute values should be considered with caution. Figure 3b in Martins & Fraquelli (1987) shows that all their color indices are redder than in Menzies (1974) , the difference at the blue edge of the instability strip being approximately 0.
m 15 and at its red edge, 0. m 10. Martins & Fraquelli emphasize that their magnitudes of the photoelectric standards show good agreement with Menzies whereas the photographic magnitudes deviate considerably. We think that the discrepancy is the result of an insufficient account of systematic deviations between aperture and PSF photometry. Remarkably, within errors in our study and in studies of Menzies and of Martins & Fraquelli, the measured widths of the instability strip are in good agreement.
The conspicuous maximum at (B − V ) 1 = 0.69 ± 0.005 apparent in Fig. 7 is noticeable as a clump of stars in the red horizontal branch in the diagrams published by Menzies and by Martins & Fraquelli. It has long been known (Mironov & Samus 1974 ) that the dereddened color index of the most densely populated point on the horizontal branch, (B − V ) 0,1 , shows a good correlation with the difference of apparent (not dereddened) color indices of the same maximum and the blue edge of the instability strip,
This relation can be expressed as (B − V ) 0,1 = 0.154 ± 0.008 − (1.006 ± 0.034)∆ b−1 , Table 2 . Ridge lines of sequences in NGC 6723 and can be readily used for estimates of globular-cluster E(B − V ) color excesses, since Recently Ferraro et al. (1996) presented a compilation of the relevant formulae. Table 3 contains the values of metallicity for NGC 6723, estimated using these formulae. Almost all these values are considerably lower than the cluster's metallicity adopted earlier. The mean of these determinations is [Fe/H] = −1.22, rather close to the value [Fe/H] = −1.26 ± 0.09, recently found by Fullton & Carney (1996) from highdispersion spectra of three red giants.
According to a recent detailed study (Sandquist et al. 1996) , the RR Lyraes in the globular cluster M 5 are at the magnitude V HB,M 5 = 15.11, and the apparent distance modulus of M 5 is (m−M ) V,M 5 = 14.41. Similarly, according to Buonanno et al. (1994) and Ferraro et al. (1996) This value does not differ significantly from that quoted by Harris (1996) , namely (m − M ) V,6723 = 14.82.
The main-sequence turnoff is at V TO = 18.95 ± 0.05, (B − V ) TO = 0.585 ± 0.005. The turnoff and the horizontal branch are separated by ∆V HB TO = 3.50; the same value can be obtained from CMDs using different color indices along the abscissa, the corresponding turnoff colors can be easily retrieved from Table 2 . Figure 8 shows the (U, U − B) diagram for NGC 6723 and illustrates clearly that the U band is especially helpful for separating the stars of bright sequences that are practically overlapping in other diagrams. Note that the asymptotic giant branch is now well separated from the RGB and that the separation of red horizontal branch stars from the RGB has become clear.
The UV-bright star above the horizontal branch (asterisk) is of special interest; it was not clearly isolated in the (V, B − V ) diagram. Actually, the star is the standard H (see Table 1 ); its equatorial coordinates are 18 h 59 m 43. s 8, −36
• 36 08 (2000.0). Its cluster membership needs confirmation.
Of special interest is the relative position of blue (open circles) and red (open triangles) horizontal branch stars. They overlap in (U − B) color and show a distinctly different U -magnitude level near the instability strip.
A star plotted as a cross (×) sign in Figs. 6, 8 and 9 appears a red horizontal branch star in Figs. 6 and 9 but as a blue horizontal branch star in Fig. 8 . It might be an unknown RR Lyrae variable star, its behavior resembles that shown by known variables (plus signs). Its position, in the system of the catalog of variable stars in globular clusters (Sawyer Hogg 1973) , is x = 263 , y = 17 .
In Fig. 9 , we show the (V, V − I) diagram for NGC 6723. From this diagram, we can determine the parameters (V − I) 0,g and ∆V 1.2 , to be applied in the method suggested by Sarajedini (1994) for simultaneous determination of metallicity [Fe/H] and reddening E(V − I).
From our diagram, we find (V − I) g = 1.08 ± 0.01. Sarajedini's method gives E V −I = 0.12±0.01, corresponding to E B−V = 0.09 ± 0.01, and [Fe/H] = −1.77 ± 0.10. This reddening agrees, within errors, with other determinations, but the [Fe/H] value is significantly lower than all previous determinations, including those reported in Sect. 5.1. Such a low metallicity value must be incorrect owing to the method's uncertainties. However, this result continues the trend of the recent studies to lower metallicity of NGC 6723. Indeed, the [Fe/H] value for the cluster must be lower than it was previously believed: as noted in Sect. 4.2, the RGBs of M 3 and NGC 6723 exhibit very similar shapes in two-color diagrams as well as in the (V, B − V ) diagram. We note that the metallicity for M 3 is −1.40 or lower.
Age estimates
For reasons discussed by us in detail elsewhere (see, for instance, Alcaino et al. 1998) , we continue our homogeneous approach to the determination of age of globular clusters, awaiting the results of the current polemic on the controversy of globular cluster ages and the Hubble constant, in particular, with relation to the recent HIPPARCOS results. This controversy has not been completely solved until now. Chaboyer et al. (1998) argue that, from several methods including HIPPARCOS results, a consistent revision of RR Lyrae absolute magnitudes follows leading to mean age of 11.5 ± 1.3 Gyr for oldest globular clusters. However, Layden (1998) claims that no significant revision of the distance scale for RR Lyraes follows from HIPPARCOS data, and Frolov & Samus (1998) obtain the distance scale for globular clusters, quite close to the traditional one, from infrared absolute magnitudes of RR Lyrae variables; these results tend to support "old" globular clusters. Fernley et al. (1998) , on the base of HIPPARCOS parallaxes and proper motions, derive statistical parallaxes of RR Lyraes and obtain, for the mean age of Galactic globular clusters, the value 17.4 ± 3.0 Gyr.
In age determinations, we use the approach similar to that used by us for M 79 (Kravtsov et al. 1997) , NGC 6397 (Alcaino et al. 1997) , and M 30 (Alcaino et al. 1998 ): we do not fix any values of reddening and distance modulus beforehand, but, vary these parameters in order to determine which isochrone best fits the observations, especially in the region of the lower giant branch and the turnoff point. The optimal position of the isochrone is determined by the best reproduction of the shape of the subgiant branch and the slope of the main sequence as well as of the color and luminosity of the turnoff. We do not attribute much physical significance to the resulting reddening values and we are going to study the reasons for these values being different from those derived by more direct methods in our future research. Figures 10a,b ,c show the V, B − V diagram with ridge sequences of NGC 6723 (cf. Sect. 5.1 and Table 2 ), with superimposed oxygen-enhanced isochrones (Bergbusch & VandenBerg 1992 ) for three [Fe/H] values bracketing the metallicity range discussed for NGC 6723. We used the following approach to fit the ridge sequences. The HB absolute magnitude, M V (HB), is given as a function of metallicity by the relation from Harris (1996) :
The apparent distance modulus is defined as
, where for V HB we adopted, in accordance with Sect. 5.1, the value 15. m 48. The color excess E B−V optimal for the given chemical abundance was found from the best coincidence between the ridge sequences and the set of isochrones.
We estimated the age from the behavior of the ridge sequences in the region of the main-sequence turnoff and the subgiant branch, paying close attention to the quality of the fit of the observed sequences with the isochrones in this region for each adopted abundance.
In Fig. 10a , we present the isochrones for [Fe/H] = −0.78. For the chosen parameters, the agreement with the ridge sequences is excellent at the main sequence, but the observed slope of the subgiant branch is somewhat steeper than the theoretical one, and we are unable to find a unique age value for the cluster. The position of the giant branch disagrees with the cluster age that follows from the turnoff position. The resulting color excess is somewhat lower than that determined in Sect. 5.1, and the distance modulus is lower than both our value (Sect. 5.1) and the value cataloged by Harris (1996) . If, however, the metallicity of NGC 6723 is really close to [Fe/H] = −0.78, then its turnoff age, in the Bergbusch & VandenBerg scale, is 16 − 17 Gyr. Figure 10b shows isochrones for [Fe/H] = −1.03. Like in the previous case, the representation of the ridge main sequence for the adopted parameters is excellent. However, the observed slope of the subgiant branch now is close to the theoretical one, and we can also use this branch for age estimates. Agreement with theory is also found for the observed distance between the turnoff and the base of the giant branch. The observed giant branch runs along the (1), for the given metallicity value; for panel c) this value does not agree with the adopted distance modulus, as discussed in the text. The isochrones span the age range from 5 to 18 Gyr (panel a) and from 8 to 18 Gyr (panels b and c), the increment in age between subsequent isochrones is 1 Gyr red edge of the theoretical RGBs. For V ≈ 15 and V ≈ 13, it is even below this edge. Note however that our red giant ridge sequence is not quite reliable for V < 15 because of the low number of measured red giants. Still, as a whole, Fig. 10b demonstrates a much better agreement between theory and observations than Fig. 10a and Fig. 10c (described below) . The color excess shows good agreement with our determination (Sect. 5.1). The distance modulus also shows better agreement, both with our determination and with the value from Harris (1996) , than in the cases of Figs 26, the metallicity value closest to the modern estimates for NGC 6723. For the adopted parameters, the agreement with the ridge sequences for the main sequence is the worst of the three cases. The observed slope of the subgiant branch agrees with the theoretical one. The observed lower giant branch tends towards the blue edge of the theoretical RGBs, i.e. towards lowest ages in the Bergbusch & VandenBerg set of isochrones, and its position does not agree with turnoff ages. The color excess is significantly higher than our determination (Sect. 5.1), and the distance modulus exceeds both our value and the value quoted by Harris (1996) . The agreement between the theoretical and the observed diagrams is achieved at V −M V = V HB −M V (HB)+ 0.2. If, however, the metallicity of NGC 6723 is really close to [Fe/H] = −1.26, its age in the Bergbusch & VandenBerg scale, from the turnoff and the subgiant branch, would be 13 − 14 Gyr, the minimum value among the discussed cases.
We conclude that, from the point of view of the agreement between the theoretical models and the observed sequences, the best metallicity value is close to [Fe/H] = −1.03. It leads to the cluster's photometric parameters (reddening and distance modulus) being in satisfactory agreement with independent estimates and to the age of 15 − 16 Gyr in the scale of Bergbusch & VandenBerg.
Conclusions
From our CCD photometry of 3620 stars in the globular cluster NGC 6723, we have determined several important parameters for this cluster. Its color excess is E(B − V ) = 0.11 ± 0.01. The most plausible value of metallicity is [Fe/H] = −1.22 ± 0.15; even lower values are possible. Note that the method suggested by Sarajedini (1994) leads to an unacceptably low metallicity for NGC 6723. The apparent distance modulus of the cluster is (m − M ) V,6723 = 14.76. From isochrone analysis, we prefer the NGC 6752 age in the range between 15 and 16 Gyr, in the scale of Bergbusch & VandenBerg (1992) . We have found an interesting separation of blue and red horizontal branches, near the region of the instability strip, by U magnitude in the (U, U − B) diagram.
The shape and slope of the RGB in NGC 6723 which we derive are practically the same as in M 3. Remarkably, our value ∆V HB TO = 3.50 for NGC 6723 is almost exactly the same as those found by other authors for M 3 (3.52; Ferraro et al. 1996) and for M 5 (3.47; Sandquist et al. 1996) . This similarity of the three clusters with intermediate morphology of the horizontal branch should be taken into account when analyzing the "second parameter" problem.
